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A screeing teat program was conducted on five (3) proalaiLg materials
for use In the 1-2 landing gear enery-tabsorbing system. 2e materials
tested were Inoonel, "A" llNickel, Reatelloy X, l_9DL, and V4 SM. A
total of two hundred and two (202) two-inch gage length tensile specimen.
wore tested under various combinations of temperatures and strain rates
to obtain streae-strain curves for comparing the materialso Approimeteoly
three-fourths of the specimens tested were Inconel and "A" Nickel, the
two ss w prospective materials based on preliminary evaluation. Inconel
war concluded to be the ovor-all beat energy strap material for the X-20
landing pear application.

The energy strap development program was continued with the testing of
proposed full-scale main Sear and nose gear energy strap configurations
under simulated X-20 landing environments. Ten (10) main gear and twelve
(12) nose gear Inconel energy strap specimens were impact tested using a
drop test rig to obtain load deflection curves. Incremental lengths and
diameters were measured before and after impact teat to determine uniformity
of strain along the length of the strap. Several strap specimens were
loaded to failure following the impact tests to establish maximum energy-
absorbing capacities.
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2his report is the result of york accomplished on EWAs 5-637, 5-6389 and
5-639. M±s work was performed in order to obtain empirical data for
determining the optimum X-20 landing gear energy strap material and the
energy-absorbing characteristics of the proposed full-scale main gear and
nose gear energy strap o~nfigurations. Using a eetala strap deforming
In the plastic range as a meoans for absorbing landing jpact energy requires
a material and configuration which displays a large uniform strain and yields
efficient landing gear load-stroke curves over the applicable rangs %f X-20
landing temperatures and dynamic loading rates. Under sidulated landing
environments, stress-strain curves were obtained and used as a means for
comparing several promising energy strap materialstand load deflection
curves wetr obtained for the full-scale straps for determining energy-
absorbing characteristics.
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.1".. An evaluation program was conducted to determine the energy absorbing
. , . obaratteristios of five (3) promising energy strap materials for use

in the X-20 landing gear energr absorbing system. The materials
* t Y~tested. wore IfnconaelD "A" Nickel, Hastelloy X, 19-.DL and. 3* C.

Seventy-three (73) tensile specimens wre tested in the preliminary
* '.phase of this program. The specimens were tested at temperatures of

.•700, 600oF and 800oF and at 0.005, 200 and 300 In./in.lain. average
strain rates. Those temperaturo and strain rates sizulated the landing
gsear operational environments.

, 1.1.2 Comparison studies of the preliminary test results Indicated Uaonel
"* • as being the overa1l best energy strap material prospect vith "A"

0 0. * Nickel and Hastelloy X next, both having approxinately equal desirable
- characteristics. Therefore, "A" Nickel and Hastafloy X materials

a wore slecoted along vith Inconel for further testing.

* t. o 1.1.3 Seventeen (17) "A" Nickel and Hastelloy X specimens more tested atf" ,0" -65*7 at average strain rates of .005, 200 and 300 In./in./aln. to

"-determine which of the two materials vill be carried through the
.** ." * acomplete finl screening phase. of the program along vith Inoonel.

* "" a, ;The test results indicated "A" NioIkl as being the more prospective

• " . C .. of the two materials.

• .o - -1.A Final screening of Inconel and "A" Nickel included tests of sixty (60)
01••,o tensle specimens of each of the two materials. These tests vere

S .0- 0 . conducted at average strain rates of 0.003, 50, 100 200 and 300 In/n./
min. and at tremeratures of -650r, 70"F, 2500r', 600 and 800 3.
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Mo rs eport Is the result of work aooomplished on EWA 5-63741't..efer-
ence I.3.1.. This work van required to obtain eperidcal data for'
detoeining..tbe optinm material .for the X-20 landing gear energy
strap absorption system. Using yielding metal as a moans for absoxa'b-
Ing landing 1 energy. required a material whioh would display
uniform elonption and stress characteristics over the OVIA10oab4e
rae of lending tMperatures and dynanio loading rates.
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.. 5.1 The test specimens were fabricated per Reference 1.3.2. A sketch of
"the test, specimen is shown as Figure 1-1.

""".5.2 no specimens were removed from the shoets as shown in Figure. 1-2,
and were maehined with te.a in., direction parallel, to the test
load .(loangitudinal).

* 1..3 ateIainformation and chemical analysis data ar* tabulated'on
Tabli 1-1 and 1-2.

".... 1.6 TT 8 ]P AND INSTEMAON

.. Tes .6.. ts were conducted in the Boeing designed 10,000 pound capacity
,o- " ." i ' ~rapid loading tensile machine (see Figures 1-3 and 1-i). The sped-

• ' rmns war* loaded, by a hydraulic cylinder actuated by. a servo-valve.
which responded to an electrical signal.

U p6 *2 T?9proper strain rate .(ram speed) vas obtained by controlling the
fluid flowat the hydraulic pump. The flow of oil was initiated by

' either a Cadillac or a Sanders servo control valve in conjunction
-with an electro&ic timer circuit. In the preliminary phase, the
strain VaS recorded on film with a 1,000 fraoe/second Eastman High"

. Speed motion picture 41mera (see Figure 1-5) and measured vith the
aid of a Vanguard, Model No. M-16, analyzer. In the final phase,
the elongation was measured by a pair of Crescent variable permeance
gages attached over a two inch gap length (see Figures 1-6 and 1-7).

.. 6.3 The specimens tested at 0.005 in./in./mIn. were loaded In a 12,000.
* pound capacity Bl:dwin Universal test machine. The machine wa

. -equipped with a Model MI-l autographic load strain recorder.
A Baldwin strainpacer was used to insre a proper average strain
"rate " The strain to failure was measured using a B•ldin .TSM dual
rang extensometer.

1..1Cryogenic tests were conducted in a Boeing designed' cryogenic -.chamber,,
Susing liquid nitrogen as the coolant (see Figure .1-3 and 1-6)..

•levated temperatures were obtained using an Inconel strip heater
.. powered by a varlac controlled 50 KVA Research Inc. ignitron power

......... """y (S Figure t-4 and 1-7). scmnteperatures we con-
S* trolled maualy at elevated temperature either by positioning the

heater wLth respect to the specimen or by adjusting the heater
current. In tho cryogenic tests, specimen temperatures were achieved
by controlling the fe of liquid nitrogen.

1.6.5 Chromel-almel thermocovues spotwelded to the specimen mere used In
conjunction vith a Teeds and Northrup strip chart ricorder to aure
specimen telratuves.

u .an- mesw1-
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1.4.1 iUnety-fliv (95) tensile, speeimens were tested in the preliminary
phase of this program. The materials tested included Inconel,
"4A" Nickel,. Hastelley X, 19-9DL, and 304 EU4. The specimens were
loaded to failure in tension at @train rates and temperatures shown
in Table 1-3. The purpose of this phase of testing was to select
the two most prospective energ strap materials of those tested for
final screening.

1.7.2 The final screening included tests of sixty (60) tensile specimens
each of the selected materials (Inconel and "A" Nickel). The speci-
mons vere loaded at strain rates and temperatures show In Table 1-3
to approximately 6ne-third of the estimated maximum elongation at
iupture and then were completely unleaded. The specimens were then
reloaded at the initial strain rate and temperature to fallure te
determine rebound characteristics of.the materials.

1.74• The fell•wing data was obtained:

(1) stress strain diagrams

(2) energ absorbing capacity at rupture In onf-lhe./lb .t material

(3) energy absorbing capacity at ultimate load*in-Inch-lbsi/ib..sof
material

9 o. ,.C:', 1•• '-

"(14) percent elongation at ultimate

"" () percent elongation at rupture

1.8 TET R•IUI.S

1.81 Rergy absorbing properties and percent elongations are reported on
pages 1.21 through 1.29. Stress-*train diagrams are shown on pages

S.•. • 1.30.Vhrugh 1.99.. -

S 1.8.2 Calculatio'n of energy absorbed at.rupture and ultimate 'load Ve based
a the f' loing'formula: , '.

* A

A.- At•a • lner'stress strain curve in lbs/ 2 
'. ' .

< D U Dens:IVo f e aterial in lbs./in. 3

and

I Zergy bsobte In - .-lb,

us aenme Mw. 6/1" a-sgu-a

REV WM. NI
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1.8.3 The pezoent elongation at rupture and ultimate strzegth vas measued
direclty from the stress-strain curves.

1.8.Ii The percent of ultimate elongation at rebound vas based en he f'olov-
Ing relationship:
(Strain at Rebound 1 0

strain at a

.9 TEST OBSERVATON

The test objeots wr met and te .test equipment operated .stis-

No.o

K\
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MAW=IA =riucew

"A" NIfhi 0j1 International N25V~A4. 0.3M1

Inoonal 0.3#;. Unknovn Unknown% .0-.3039

Ie~tOUW-yX 0.12Y continental x-3,o6 0.2991
Metals Inc.

l9-~L .0.225. Con~tinental.. k822000 O21¶ ~

34 .0.3i4 tal 040MIn.I.

OV

solution treat 2.950' (i2501?) foir.20.minutes then witer qunchk

o solution t.r eat. 210'? (*2?). .o qua20 m etenwe 1anh.

* ® Solution treat 1950*7? (t25p or2 miutes then vater qenc~h.

Idalu trieat 2W*.95"(:*25"?) for; 20. minutesg theni ",br .unh
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CED(CALTABLE 1-2
CECLANALYSIS MF MATERIALS

wlLU:EUT NiCiý "A" 33CONEL EABTELLO X D-19-9DL 301 KXC

cr. -1i.17% 21.643%. 29-10% 18.79%

N1 9944- -76.32 - 0.02% 1.5

W 0.82% 1.5i%-

.Cb.I+ ft 060

- - 0.28%

- .e0.21% -7.03% 17'21%--

13i 0.0% 031% -. 060% 0670.1

3 ~ 0.8% 0.13 0.02% 0.% 102

Cu~~ 4.8%_ 0.'22% - Tac

* Co -0.30% 0.90%--

;c V 0019%, 0.034% 0.134. b331%- 005%

B 0.005% - 0.006% 0.'01% 001%.

P - - . 0q.02 0.030% 0.021.%.

us 4m ame my. 6waas4~
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TABLE i-~

TEST OUTLINE

WUDINARY SCREENING
STRAIN RATE TU •ERATUU

In.ooe, .005 -65
.005 72

. .190 72

180 600
200 800

290 72

Inconel 290 800

, stelu x .005 -65
.005 72

200 -65
170 72

185 600
300 -65
295 72

. astelul X 285 800

SNickel "A" .005 -65

.005 72
, ! ; .20e 0 .-65

180 72
190 600

300 -65

280 72

Nickel "A" 280 800

19-9m1 .005 72

1180 72
0 j185 600

295 72
19-9DL 295 800

301t .005 72

t200 72
I 200 600

300 72

_104 KC 283 800

R,_.v R-..-.....- r I NO. D2-80086
,SECr. 2. IPAGW .,



TABLE 1-4,: ~TEST ýOUTLINE
Jr'AL SCREENING

STRAIN RATE TmDERATUmm

I-coni .005-.05 250

600
800

50 -65

72
250

600
, 8oo

100 -65
72

250

600

800

200 -65
250

800

300 -65

250

Inconel 600

Nickel "A" .005-.03 250

600'

800

50 -65

72
250

600

800

100 -65
1.~ . ~ ,72 .

250

600
800

200 250
800

ua, 4BN RiSh, 611- .11-34

,REV 1YM D2.. 80086
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0; NOTES

r[> berW ecrutations yre based an the following densities,

Nickel "A" - 0.321 lbs./in. 3

Inconel - 0.300 Lbs./in. 3

rasteMw X - 0.290 lbs./s.3

3014 aq . 0.290 lbs./in'.

19-9DL a 0.287 lbs./in. 3

> Preliminary Screening. Specimens tested in the preliminary
-screening pase wmre loaded directly to failure.

> Final Screening. Elongation vas not obtained for the specimens
tested in the final screening phase.

Total Measured Elongation.

$ elongation on vhich enerur to M' (Stvess;ji Tensile Ultimate, Psi)
is based. -'1

71W - Ultimate Tensile Fo-ce, rsi

us ans ame It". w"m
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